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ABSTRACT • 

1l graduate ^program in engineering at the Joint 
Institute for Acoustics and Flight Sciences. (JIAFS) is described. 
JIAFS is a cooperative undertaking between the, NASA-Langley Research 
Center and the School of Engineering and Applied Science at The 
George ^iashington University. This program adopts a more practical 
•approach than traditional graduate engineering education, providing* a 
combination of applied research and^academic studies. (MLH) 
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r. , INTRpDUCTION 

The /aoint Institute for Acoustics and, Flight Sciences . 
(JIAFS) is a dynamic, cooperative undertaking between the 
NASA-La«(gley Research Center (LRC) and the School of Engineer- 
ing ancj Applied Science of The Gfeorge Washington "University 
(GWU)|Which is dedicated to serving' the national needs in 
scientific research, engineering technology and education. ; 
These primary functions of the Joint Institute are achieved ^ 
by bringing researchers and scholars together at. the LRC to 
exchange their ^.deas and findings, to give advanced training 
to graduate students and professional engineers, and to make 
appropriate use of the- extensive research facilities of the 
Center. This jointly operated institute is a forma lizati,on 
of. the interactions between 'The George Washington University 
md the NABA-Langley Research Center which began 'with a .graduate 
'education program- in 1968. 

II. HISTORICAL DEVELOPMEN T OF JIAHg. • * ^ 

An off-campus graduate study program leading to Master of • 
Scienc:^ degrees ift several' engineering disciplines was initiated 
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by The George Washington University at the NASA-Langley Research 
Center in the fall of 1968^ This prpgram was a result of ' \. . 
lengthy discussions and planning between senior officials 
of- the LRC^nd the GWU faculty," and was set up as a jointly 
administered .venture with both institutions having inputs to 
its operation. C.Due -tp the training policy of NASA, other 
government, agencies and private companies the program was 
d^pveloped primarily for the benefit of part-time stuc^ents 
with, courses given dt^rxng the wording hours^ The onr-campus 
rp.&idence requirement was waived for this particular off- >^ 
campus program. Dufing the first year of 'this cooperative 
educational program the faculty was c9mposed of one resident 
faculty from GWU and 12 part-time faculty which were apporn ted 
by the University. The part-time faculty were selected from 
among the highly cjualified research scientists at the" Langley 
Research Center. ^ - 

, During the subsequent years this graduate study program i 
expa-iided substantially in both , participants' and scone. The 
curriculum has'been constantly improved as the nefeds and in- 
terests of Langley Research Center and George Washington Uni- 
versity changed.^ Af-ter gaining confidence .with this new of*f- 
campus graduate program, the- two institutions felt that ev^ 
greater benefits could be derived from increased interaction 
in both research and education. The needs ^and capabilities of 



' both GWU and TQC^ere then considered, and a plan was devised 
to satisfy the needs of each institution cby using the cc^pa- 

' • - ' ' * ■ ■ „ . 

bilities of both to theirs maximum advantage . 

One of the primary functions of the Langley Research Cen- 

ter is the generation of a large quantity of quality research 

with a limited number of researchers. Much of'this^research, 

of necessity, has become project orieiited and, in general, 

less basic. Conversely, university faculty and graduate 

r . . ' 

students in. general perform research of a more fundamental ' 

- . . } • ■ ^ 

nature.. The research conducted by the NASA scientist and that 

of the university faculty will be complementary if the two re- 

searchers recognize both the differences an^ similarities of 

their appr.oach to a. problem and coordinate their efforts in 

■ ' - ■ ^ * ^ ■ 

obtaining a valid Solution . to the problem. This fact has lohg 

been recognized by NASA and has led to the s^upport^gf many^ 

faculty and graduate students across the coun|:ry. % 

The university's primary function is education. Continual 

upgrading of researchers capabilities and training of engineers 

and scienjiists in new or different disciplines' is a necessity 

in any research organization. Thus, the university capability - 

research center neAd, is complementary. # . ' V^* 

y Conducting research on a university pampus may be difficult 

due to a lack of experimental facilities. Certainly this is 

not;the case with a , government research establishment such a^ ^ 

the NASA-Langley Research*^ Center^ * In this case the university 

need is satisfied by the resources of the research center. 



t 'There are ^ many research scientists at LRG ''who are quali- * 
,fied and interested in teaching- graduate engineering courses. 
This is a double-edged resource. On the one hand, it is ex-' 
tremely valuable to have resear^ch engineers and scientists 
^ teach their specialty to young graduate student:^, but it may 
also lead to an 'inbred' research staff if these 'faculty teach 
all of the courses. This resource cj^n be used most 4ff actively 
when an appropriate number of courses in the graduate program 
arc taught by fulJ^-time faculty of the university while others 
are taught by the part-time faculty members. The combined 
qualities of the faculty will then provide a strong -fundamental 

^ yet practical graduate education for the young engineer. 

Consideration of the factors cited above led to the 
estefbjishment in the^ f all of 1970 of a pilot program of research 
and education -in acoustics located at LRC. In this program, 
; which was established with the cooperation of the Institute of 
Sound and Vibration Research, Southampton, England, a research 
team consisting of one full-time G6prWe Washington University 
reseaVch fas^lty and four Graduate Research Scholar Assistants 

^ ^RSA) joined the GWU faculty already |^t th^e Center to form the 
nucleus for an increased and more responsive interaction* with 
Langley Research Center. The resjerarch t:eam worked directly 
with the NASA acoustics researchers and participated in the 
graduate study pi^gram already at Langley. This jii lot program 
, was organised such that both NASA-Langley Re^arch Center and- 



^Geor.^^ W^sBing-bbh University had lnputs to all phases of its 

. * ' . . * . ■ ■ ■ ' 

operation. A similar., program of research and ^education in 

. Flight Sciences Was established in lS.71f ^nd th^ Joint Institute 

for Acoustics and' Flight Sciencjps was formalized later ti^at ' 

year. In subsequent years, ^dditaonal programs^ in* the areas 

of structures and Dynamics ^ Environmental Modeling and Materials 

Science were added^ to the JITAFS ^Figure 1) . ; • _ 

. " - '"-i ■ • ^ ' ■ • ■•■ ' 

III. ORGANIZATION AND OPERA TION^ OF JIAFS - . 

— ' — : — r^: — — ^ . ^ 

A programmatic organization of the Joint Institute is 
shown in Figure 1. Dates in ; parenthesis indicate the year the 
program 'V/as initiated.- Each of these programs is jointly 
' Operated by The feeorge Wa^ington Uni.v^sity facility and staff 
and the appropriate NASA Technica*l or Training Division. " The 
jIAFS programs may be gene^^ally categorized as research,' re*- 

search and education or education programs. The intejr action dmbng 

' ' / ^ ' ' ^ 7 

these three types' of programs is evident as might be' expected. 

' * * ' / 

The Director of JIAFS is Dr.. J. Duberg, Associate Directpr 

of NASA-Langley Researfch Center and the Co-Director is Dr. 

; I - { 

Jjiebowitz, Dean of the; School of Engineering and Applied 

' ■ . ' * 

Science^ The George Washington University, Faculty of The/ 

George Was-hington University at Langley and some of. the GwU 

faculty in Washington i D. C; Graduate Research * Scholar Assist-- 

ants; NASA engineer?, and scientists who teach part-time and 

supervise graduate student reseaj^ch; and'^isiting scienyists 
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* and engineers are all members of JIAPsJ The Joint Steering 
Committee advises tlae Directors of JljWPS regarding basic 
policy and future plans for the Joint Institute. 



^ • Educational Programs 

Two types of educational programs are offered by q^^FS. 
The graduate program, the original interaction between GWU 
and LRC, has grown and changed over* tlie past seven' years as 
shown *in Figure 2. 

, The areas of study offered at LRC and the particular 
courses in. each area q^e determined -jointly by the GWU faculty 
and the tRC technical and training personnel involved in the * 
graduate, program. Courses mqst be carefully selected accord- 
ing to the needs of the GRSA in the re'search and education 
programs and the part-^time students fronTTjASA, other agencies • 
and companies. ' 

Courses offered a% LRC in JIAFS must conform to the'acadein 
standards pf the Department , within the School of Engineering 
ahd Appl'ied Science which sanctions \the course. Consequently 
part-time faculty are appointed by the chairman of the appro- 
priate departme^nt, and faculty meetings are held at both LRC 
and the Washington campus with the fuXl-^time and paVt-tim.e 
faculty. This close contact insures thf^t similar academic 
standards are -maintained at the. two locations. • 



Faculty in the graduate* program consists of full-time 
GWU faculty at LRC (each connected witlj the. research and 
education programs) and approximately f ift^ NASA scientists 
and engineers who are teaching on a part-^time basis. ' Both the 
GWU and NASA faculty serve as thesis advisers and participate 
on examining committees for the graduate students in the M.*S. 
and D.Sc. programs.^ I 

The graduate program was developed originally as a full 

/ ' • O ' • ■ 

resident credit program requiring no residence on the Washingtc 
D. C. campus in orde'r to obtain the Master of STcience degree. 
In 197]- the S<"hool of Engineering and Applied Science faculty 
voted to allow, under special circumstances, upon the Depart-, 
^ent Chairman's approval, the Doctor of Science degree to be 
completed off-rcampus. There are currently 20 graduate 
students' in JIAFS pursuing the D.Sc. degree since faculty and 
facilities are available at Langley tb support this level of 
education In many areas. ' v 

Non-degree studeiits make up almost one-third.'of the stu- 

■ , IP 

dent body in the JIAFS graduate programs. These are primarily 
NASA engineers and scientists' who are interested in taking 
courses td improVe their job^ performance, to stay abreast of a 
particular field or to retrain themselves in a current ,area of 
research, but are not interested in obtaining an advanced de- 
gree. They must meet all of the same prerequisite requirements 



for taking a course as the degree students, but are not - 
admitted to the School of Engineering and Applied Science 



for degree 
Since 
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1968 the number of courses offered each semeste 
in the graduate, program has doubled and the student jjbpula' 
has increased by fifty percent. There h^ve ^een 72 M. S, 
degrees awarded, and several students in the. doctoral pro- 
gram should finish within this year. 

In addition, to the , graduate program at Langley, short! 
courses are also conducted through^ the JIAFS. These short 
courses (non-credit)^ cire-^of f ered Hoth at LRC an<a in Washington 
as the need arises^ The courses may have both .full-time ^nd 
part-time faculty prese/nting lectures On a current area* p|f in- 
terest or in a review course tailored to a particular education 

■ ■ ' h 

al need. 



Research and Education Programs . 
The basic objectives of each of the reseA^h and ediicafeion 

<7 T 

programs, which are funded individually by "grants from LRC, 
shown in Figure 1 are; to conduct research in areas of iriterest 
to LRC, GWU and the GRSA; to satisfy the nations needs fdr 
graduate level engineers in particular fields; and to pro|vide a 
full-time educational program at LRC. These unique jointi pro- / 
grams attempt to satisfy the needs of both LRC and GWU *by| usin^g 
the combined resources and capabilities of each institution. 



In each of the programs a research unit consisting of a GW^U 



researqh 'facul.ty and three to five Graduate Research Scholar , 

Assistants work with the NASA researchers on projects of ' ^ . , 

mutual 'interest. The size of the research unit varies in 

the programs, but in all cases plans are formulated to graduate 

and appoint ^3--5 new research assistants eachj^cademic year. 

This leads to a sta^ble and continuing program in which some 

of thQ 'st-udents are in their first, second and third year. 

The research professor in each unit has the responsibility 

of 'dej^ermining 'witlj the senior NASA researchers which- projects 

his iftait will Undertake. This is a vital and, at times, diffi- 

cult proposition. Indeed, the ^research professor must assure ^ 

that the proposed research for the GRSA is academically^ 

. . ■' * ■ -* 

acceptable for either an M.S. or D.Sc. thesis, that his own pro- 
« , 

fessional interest is satisfied and that .the NASA-Langley Re- 
search Center ' s needs are satisfied by the research project. 
The rcisekrch prof esisor performs research individually ^nd with 
the NASA scientists while supervising the research of his GRSA 
and, possibly, NASA part-time students. Iri addition to his 
research and infprmal consulting with the NASA scientists, the 
GWU faculty presents one lecture course each semester in the 
graduate program previously described. 

The Graduate Research Scholar Assistants are also involved 

I 

in the graduate program since they take two' to three courses 
each semester until their degree cotirse requirement is met. 
Each GRSA is assigned a GWU research faculty adviser and a NASA 

. - y 



adviser upon his arrival to JIAFS.' This joint advisingNfur- 
-ther insures that both NASA's research needs and the rile eds of 
"the GftSA and the university for an acceptable thesis are met. 
The research assistant conducts research half time' during the 
academic year and full time during the aununer.. He receives a 
stipend from the University which enables him to pay his tui- 
tion and living expenses. These positions are similar to a re- 
si-arch assistantship .on any campus except that, the GRSA in JIAPS 
. receives two somewhat different types of guidance. One of these 
comes from his GWU faculty adviser while the other comes from 
his NASA adviser.,: Normally a minimum of two years '.is required 
td obtain a Master of Science degree and three years ^additional 
study past the M.S. are needed for thejD.Sc. degree. 

Appropriate research facilities of the Langley Research Cen- 
ter: are made available to each of' the. research units for both 
faculty and graduate student use. Most of the faculty and GRSA- 
are collocated with their NASA counterparts in the facilities 
whVre their research is .conducted. The computer center and 

* ' -a 

library are used by almost all of the faculty and GRSA. 



* r Research Programs. 

In 'addition to the research performed, by the GWU research 
faculty and GRSA under the Research-Educational Programs, 
other research projects ar-e undertaken through an unique re- 
searcrfi program which has >een eS.tablished for visiting scient- 
isVs arnd engihe'ers,. 
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The ^yisi ting Mei^ Prpgraiu provides* a^inechanism for ;ppst: 

• ■ . ■ •■\ ••■ ' • ^ • • ■ ■■ _ ■■ ■ ■ ' 

doctoral * or >eRf or researchers to spend up /to two years at LRC 

-condudtiag research in the 1SIA§A facilities in conjunctaon with 



NASA scientists and GWU f^cudt^* The Research Scientist or • ■ 

Engineer may also be peirilaanex^^^^^ positiojis JIAFS 

. - ■ \ ■ ' ' • • ■■ ■■ 

ji^hich a:}:e totally ^reseafrch or^eftted.- . The Re^^^^^ 

may supervise graduate . student^s , but in general - does his ^ own - 

research g^ily. . These positions provide JIAFS, and thus GWU 

and NASA; with tra^nsient^ inputs to thg. Ongoi.ng' research and 

eduoational programs. . ^ ' , . . . 'UM/. 

, ^ ^All of the JIAFS prograitis are reviewed annually by the 

. Langley Research Center^ and The- GeOffrge Washington University. ^ 

Senior; member § of . both institutions then jointly^ assess the 

progress of the programsy recommend chaoiges as necessary and 

suggest new directions for further development of rJIAFS, The 

' ' ^ ■• ' ' \.' ■ '■ ■ -v ■■"'.V * « ., * ; ■ ■ ' " ' ■ 

current^;^d prpje6ted^:(^975--l^ bf ^ /Jl^P^^are - -r 

sliown in Figure ' ' : ' * ^ ' / 

IV. . RESULTS OF THE .JOINT '^OGRAMS * * 

* . ' ' . ' ' '. ' 

The consequences of the many and varied Interactions bet- 

weefi The George Washington University and the NASA-^Langley Re*~ 

search Center ii? the JIAFS »may be categorized as- research or 

educational results." There are obvious benefits and" potent ral 

j^J^robflems in eaph cat^fgory for the graduate student, NASA- 

Langley.ResearQfh cie^^ and George Washijagto Ujiiversity. 



' . • ^ Educational V . 

- • ■ — • y. ■ • ■ -v^---. .-■ ■ ■ » ' 

- , Cotiifses in tt\e •graduate pfograra taken by the GRSA ^ojnbine 

^practical exper±enc^^^^ education. Most of ^ the 

. ••; . '. ■ ■ ■ ^-v;, ■■ v.. ; ■. . . ■ ■• 

classes are cpmpose4 of students with varied^ backgrounds 
^{GRSA^ ^government eraployees, private company employees) whi'tih 
tend to make discussi6ns^ lively and the classes more xnterest- 
" ing. The courses are taught by faculty members who are • 
generally conducting state--of ^the-art researcK in the course, 
area, - . ' ' ■■' .\ i 

Each of the graduate students must be cotinselled/ how^ 

everv to pursue a broad eourse^^of g^tudy even tho^^ his cur-- 

V . . ',■ ' ■ . ■ ■ • ■ \ \ '■'^.^■^ V ■■■ . ' ■' 

"rent research field is narrow. This problem o;E $tude^^ 
obtaining an overly focused educational background due to the 
necessity of solving a particular research problein arises at ^^^^ 
many -^univers itie s and may be minimised by faculty guidance . 

Educational benefits to the Langley Research Center are- 
•primarily the retraining and Mvanc^d training of its research 
staff by" an <)ut standing faculty composed of ' a combination bf 
full-titne and part-time instructor's, v Iii addition r the NASA 
♦scientists through teaching and supervision of students in 
the grad)^ate^ program continue to improve their own research 
capability as well as their students. The presence of George 
Wa^hingtoh^niversity scientists- at LRC, 

insiires that the program' does not became stagnant and helps 
avert the infareeding problem. Since JIAE*S is jointly operated 



tiate ediac^iiionai programs responsi^fe/'t^ changing edu-* 
cational needs of both the Center^ ^and. th^ "^n 
addition, the availability of a s,fe?^^@^ on ' 

site i^ an excellent recfuatirig ai^ the center*. 

The potential problem qf in^r^ddingr i^e.- ail or most en- 
_gineeirs obtaining their ^ady^nc6<^ train^ from one university 
or fetculty, must s-tilil be consiiile,red. Certainly the tempta- 
tion to obtain an advanced degree without leaving thev area 
is strorig. It remains f or thef -Sfe^nao^^^ meinbers of LRC and GW0 
to suggest aff-cetiter university programs when they are more 

suited to the students needs, r.,. 

■ . - ■■■ ; '^v;r^ , . ' . , . • . ..■./. 

The University's eduGationciii prograirisT. at Langley Bjisearch. 



Center and in Washington, D. C; . are expanded/ ahd contiiiuariy 

... " f^.^l ■" \ ■ ^ ■. ■ " ' ■ . I 

updated through the interaisitioiis in the JIAPS, Faculty of 
the University are brought into contact with the, NASA research 
ers teaching in the program with the resultant excl/ange of 
ideas /. course outlines and teaching techniques.. 

Maintaining broad, basic acadpmic cour*'ses ii) addition to. 
tspecif ic job7oriented courses is one pf the most important 
respoiusibilities of the- university in JIAFS. "In almost any 
resepirch^organization the interest of most staff and jine 
supervi^ors^^is strongest in narrow courses aimed at the parti^ 
cular "research^ problems the prgan:j,zation is currently attack- 
ing*, ^While it is recognized that these .are valuable courses 
for the near term,, the university must, and cfloes, recognize 



:also that research /interests change with time, and thu&r— 
that a graduate program mugt be composed of both basic and 
applied courses to help insure the. students' success In the 
future . • 



/ Research 



Graduat'e studeiv^* in -eng^ineering a^-e afforded £h^ oppor- 
tunity as GRSA of/parti«cipating in "real world" research 
problems guided/lby both a NASA engineer, and a GWU faculty. ' ' ' 
He may use lih^ roost current research facil|.ties>both analyti- 
cal and expe^mefttai; for- his thesis pro'ject.' The student 
associates daily with experienced engihe-ers ary^ scientists 
as .well as fellow .graduate students -.and faculty, and thereby^ : 
gains a professionalism not ordinarily obtafhed on a univer- 
sity campus. Most o^ the students • have the Results of their 
research presented, "qr published by the 'time, they complete all 
degree requirements. Whe>i the GRSA 'graduates with a Master 
of Science degree he will ha^e' more than a year's experience, 
as a researcher, and will be familiar with the current re- / 
search techniques in his chosen a^aa of interest. The doctoral 
fstudent wxll be even more familiar #4 th his professional area' 
after three years of ^tudy and researclj. 

^ - ■ % , . ■ . - V. . • . . ■ 

- On the other hand, the graduate student must channel, his 
research interests to those of.the Langley Research? Center. 
This potential problem is not'really any more riestrictive • than 



on most campuses whL,ere there a .limited ntimber of faculty 
and hence only a limited range pf research. projects for the. 
student to pursue. . r 

The NASA-Lan^ley Research Center obtains research output' 
from the JIAFS from the GWU faculty, the vJl^iting scientists 
and the GRSA* ^ Indeed the research that is done in the 
joint programs is directly applicable to NASA's needs since 
each research project is discussed and outlined with both 
GWU and -LRC scientists prior to l^eing' undertaken by a member «> 

of JIAFS^ In addition, the NASA -engineers par ti6ipating in 

* ■ ■ ■ • ■ ■ . .- ♦ 

the graduate program at LfeC produ'co essentially the same re^ 
search while pursuing their graduate degrees as/ they do in 
full time work status. The benefits to ^ the Center's research 
under thds arrangement Have been demonstrated. 

Since most of the programs in JIAFS are for both res^-arch * 
and education activities,^ the Center might not obtain quite as 
ihuch research output from the JIAPS as it would if the programs 
were entirely research otiented. In spite of the extensive 

' ■ . > . ■ -■■ " ■ 

educational activities m JIAFS, the research conducted by 
the faculty, visiting members and research assistants has led 
to the ',publica|:i6n or presentation of :104 technical papers in 
areas of research which are directly applicable to NASA's needs. 

'The George Washington University ""s research activities 
are'* increas,ed greatly iSy the JIAFS programs. , New areas of t 
research are: .introduced to the faculty and more ajfplied research 
problems are siugge^sted by the LRC engineers 'to the -faculty as 



'ppsVible thesis projects. The University's stature in both - 
the educational and restearchi fields is increased by the re- 
search output of the joint prof^rams, , 

A potential difficulty for The George Washington Univer- 
,.sity faculty ^at Lang ley is that; the areas of research are -r. 
restricted to those which NASA pu^ues. Fortunately* a certain 
latitude for 'the fac?ulty*s research is available since NASA's 
interests are. widespread*. After becoming aware of the areas- 
of research ^t Langley the University fadulty has thq oppor- 
trinity and^ responsibility of suggesting -new research projects 
to LRG in addition to participating in the, on-going research. 

The , benefits from these programs as"^ discussed above are 

^any, and the potential problems . appear . to be, and in general 

-. - - s ' ■ •• ■-■ • ^' 

have been,^ manageable. >When these difficulties are overcome, 

the benefits of the JIAFS and similar programs ijjiclude research 

resultsnrin areas of national need '""and the training of highly 

qualified engineers wha '^faedome a pool of technical talent"^ 

from which the nation may draw its .future ^^engineering leaders. 

V. -POTENTIAE^ pj; JIAF&-TYPE PROGRAMS • 

Basically JIAFS is a univer^ity/rosearch agency interaction^ 
in which the historical prerog^atives of each agency have b^en 
piresj^rved, but which permits, even requires, input to these 
prerogatives fronr the other institution, and* tjiereby attempts 
to use the best capabilities available for graduate engineering 



« • ■ ■ ■ ' • ■ ' 

educaMori and research. Some of the benefits and problems 
..associated with this type of cooperative venture have been . 
discussed previously. What then, are the possibilities for 
similar programs to develop in the future? \ ^ - 

V The requirements for. this type o£ program are, basically^ 

a university, that i0 willing to , discard the "ivory tower" con- 

' - * , * ' •. * - 

cept and a^Qpt a mor^Tpractrcar approach 1:p graduate education/ 

and. a research- organization' with modern facilities which is ^ 

int^i-ested, in upgrading its staff and supp6rting university . 

research. . The former requirement is becoming fairly common-" 

place. Many if not mdqt?"viniversitie6»^ 

^ ^ . \ , • ♦ • . t i^ * , 

^or engine.ers to have practical experience as well' -as strong 

academic backgrounds^, and hav,e b.egun recently to reemphasize 

. * ■ ' I- ^ 

the more^ applied aspects of -engineering* A rese^irch agency 
or ma^j or company is almost always\in,terested in providing 
advanced 'training opportunities for its employees , but with 
restricted" funding and tight budgets/ it has become necessary . 
for educational costs to be as low- as possible and the research 
or production 'output of the agency .as large as possible. In 
many cases it may be less expensive to establish a university 
type program *on-site than it is to take a number of engineers 
off the job and send them to graduate school^ elseWhere parti- 
cularly when the increased resear-ch output obtained from thg 
f aculifey-graduate research assistant .unit is considered. 



•7 ^ 
If a university and a research agency; ,,pan cooperate close- 

. ■• /- ■ t-'^. . - • ■ 

ly the problems that arise for each in ttii§ ty§e «f joint 

• . ^1 

arrangement can be overcome. The benefits' to all involved 

in these programs are many, and since limited'funds are » 

' ■• ■» ' 

available for construction of new facilities, new- faculty 

■ . ^ » ■ . - 

appointments, performance. of research, arid graduate education 
m general, it appears that these joint education and research 
programs, as developed in the JIAFS, do indeed, of fer a viable 
optiop, for graduate study in the future., . • ■ . * . ,^ ., 
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